Enhancing expected food intake behaviour, hedonics and sensory characteristics of oil-in-water 1 emulsion systems through microstructural properties, oil droplet size and flavour 2 Food reformulation, either to reduce nutrient content or to enhance satiety, can negatively impact 9 upon sensory characteristics and hedonic appeal, whilst altering satiety expectations. Within 10 numerous food systems, perception of certain sensory attributes, known as satiety-relevant sensory 11 cues, have been shown to play a role in food intake behaviour. Emulsions are a common food 12 structure; their very nature encourages reformulation through structural design approaches. 13
Manipulation of emulsion design has been shown to change perceptions of certain sensory 14 attributes and hedonic appeal, but the role of emulsions in food intake behaviour is less clear. With 15
previous research yet to identify emulsion designs which promote attributes that act as satiety-16 relevant sensory cues within emulsion based foods, this paper investigates the effect of oil droplet 17 size (d 4,3 : 0.2 -50 µm) and flavour type (Vanilla, Cream and No flavour) on sensory perception, 18 hedonics and expected food intake behaviour. By identifying these attributes, this approach will 19 allow the use of emulsion design approaches to promote the sensory characteristics that act as 20 satiety-relevant sensory cues and/or are related to hedonic appeal. Male participants (n =24) 21 assessed the emulsions. Oil droplet size resulted in significant differences (P <0.05) in ratings of 22
Vanilla and Cream flavour intensity, Thickness, Smoothness, Creamy Mouthfeel, Creaminess, Liking, 23
Expected Filling and Expected Hunger in 1 hour's time. Flavour type resulted in significant 24 differences (P <0.05) in ratings of Vanilla and Cream flavour intensity, Sweetness and Liking. The 25 most substantial finding was that by decreasing oil droplet size, Creaminess perception significantly 26 increased. This significantly increases hedonic appeal, in addition to increasing ratings of Expected 27
Filling and decreased Expected Hunger in 1 hour's time, independently of energy content. If this 28 finding is related to actual eating behaviour, a key target attribute will have been identified which 29 can be manipulated through an emulsions droplet size, allowing the design of hedonically 30 appropriate satiating foods. 31
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Introduction 34
With the increasing prevalence of global obesity and its related non-communicable diseases, new 35 strategies to promote weight loss and reduce the risk of weight gain are urgently needed. The food 36 industry is increasingly being encouraged to contribute to the alleviation of the obesity burden 37 through product reformulation and the development of the next generation of foods (Norton, 38 Moore and Fryer, 2007) . One approach involves increasing the satiating power of foods and 39 beverages, reducing consumption quantity, and thus energy intake (Blundell, 2010 with similar stimuli, expectations are made about how satiating the food or drink will be. Therefore, 54
an indication of how a food may impact on actual food intake behaviour can be acquired by simply 55 presenting a sensory stimulus and measuring the resulting expectations on food intake behaviour. 56
Nonetheless, disadvantages of using satiety-relevant sensory cues as a reformulation or design 57 approach have been highlighted: 1) as learned sensory cues are associated with a given caloric value 58 and satiety expectation, producing low-energy dense foods with sensory characteristics (such as 59
Thickness and Creaminess) indicative of a greater energy content, which is not delivered by the food, 60 typically results in compensatory intake (Yeomans and Chambers, 2011); and 2) palatability has 61 been shown to be inversely correlated to satiating power (Drewnowski, 1998 ; de Graaf, de Jong and 62
Lambers, 1999; Holt et al., 1995), a commercial disadvantage when we consider that hedonic appeal 63 is a driver in consumer purchasing habits (Dhar and Wertenbroch, 2000) . 64
If hedonic properties can be maintained, or even enhanced, an effective formulation or design 65 approach would be to increase the satiating power of foods independently of energy content. 66 Typically, energy dense foods associated with nutrients such as fat have a strong hedonic appeal 67 (Prentice and Jebb, 2003 2008). Subsequently, through the manipulation of microstructural properties, the capability to 75 change the capacity to which satiety expectations are generated could be realised, through altering 76 perception intensity of sensory characteristics that act as satiety-relevant cues. 77
We report: 1) how microstructural differences in emulsion based food systems change perceptions 78 of sensory attributes; 2) sensory attributes that promote hedonic appeal; and 3) sensory attributes 79 that act as satiety-relevant sensory cues, within emulsion systems. sucrose, 96.6 wt.% distilled water solution). The whole sample was then emulsified for 5 minutes 119 using the high shear mixer. Dependent on oil droplet size being produced the sample was subjected 120 to a different rotational speed (rpm) and emulsor screen (fine (0.8 mm pores) or medium (1.6 mm 121 pores)) (50 µm: 2500 rpm medium screen, 40 µm: 3500 rpm medium screen, 20 µm: 5000 rpm fine 122 screen and 11 µm: 9000 rpm fine screen). For emulsions produced using the high-pressure 123 homogeniser, first a pre-emulsion was produced using the high shear mixer at 9000 rpm with a fine 124 emulsor screen for 5 minutes using the high shear mixer. The pre-emulsion was then subjected to 125 homogenisation, differing in pressure and number of passes (6 analysis and then replace the lid once sample analysis was complete. Sample order was randomised 137 differently for all assessors. Inter-sample duration was at the participant discretion and ranged from 138 approximately 1-3 minutes. A spittoon was provided and subjects were instructed to spit out the 139 sample after their assessment had been made. A bottle containing 400 g of water with 4 wt.% blue 140 food colouring (Silverspoon blue food colouring liquid, British Sugar Plc, UK) was provided to act as a 141 visual portion size reference for food intake expectation questions, which requires the participant to 142 imagine they were to consume a bottle of the specific sample presented. 1 250 ml bottle of still 143 water and 3 dry crackers were provided, and participants were instructed to use these to refresh 144 their palate between samples. In addition to the randomised presentation of samples for each 145 participant, to further minimise the impact of consuming the water and crackers on predicted food 146 intake ratings, participants were instructed to rinse and spit with the water and ensure crackers 147 were completely consumed by the end of the study (this worked out to be 1-2 bites of cracker after 148 each sample). 149
Measurements of perceived intensity of sensory attributes, hedonics and expected food intake 150 behaviours were made using visual analogue scales (VAS). Fifteen 100 mm randomised VAS's 151 acquiring information about the intensity of the sensory perception or level of expected intensity of 152 the specific food behaviour e.g. "How <attribute> is sample <code>?" or "Imagine you consumed an 153 entire bottle of sample <code> right now, how strong would your <intake behaviour> be in <time 154 period>?" were presented. These questions were anchored with opposing statements left-to-right 155 e.g. "Not at all <target attribute>" (scored as zero) and "Extremely [target attribute]" (scored as 100) 156 (see Table 1 ). Questions differed slightly in order to be grammatically correct. Pre-and post-test 157 participants rated their mood and appetite via VAS's comprised of a series of questions in the form 158 ''How <word> do you feel?''. The evaluations rated were Full, Hungry, Desire to Eat, Prospective 159
Consumption, Clearheaded, Calm, Happy, Anxious, Tired and Alert, in random order. Before testing, 160 all sensory attributes were discussed individually with participants in accordance to the description 161 shown in Table 1 . Participants were also given the opportunity to ask any questions about the study 162 and its protocol to clarify issues, queries or definitions before the test began. 163
Data analysis 164
Data and statistical analysis were carried out using IBM SPSS Statistic (SPSS Statistics 21, SPSS Inc., 165
Chicago, US). subsequent sections droplet sizes will be referred to as 0.2, 2, 6, 11, 20, 40 and 50 µm for simplicity. 182
Evaluations of emulsions 183
The mean sensory and expected food intake ratings are presented in table 2. 184
Flavour evaluations 185
The intensity of rated Vanilla flavour was dependent on both oil droplet size (F (1, 6) = 3.18) and 186 flavour condition (F (1, 2) = 18.53, P <0.001), with no significant interaction (F (1, 12) = 0.63, P >0.05). 
013). 192
The intensity of rated Cream flavour was dependent on both oil droplet size (F (1, 6) = 8.14) and 193 flavour condition (F (1, 2) = 7.87, P = 0.001), with no significant interaction (F (1, 12) = 0.54, P >0.05). decreased significantly with increasing droplet size (R 2 = 0.73, P 0.006) with 50 µm droplets being 199 rated as less creamy than 0.2, 2, 6 or 11 µm emulsions (P <0.000, P = 0.006, P = 0.003, P = 0.001, 200 respectively). 201
Sweetness intensity was dependent on flavour condition (F (1, 2) = 8.27, P <0.000), but not droplet 202 size (F (1, 6) = 2.01, P >0.05), with no significant interaction (F (1, 12) = 0.47, P >0.05). Vanilla and 203
Cream flavoured emulsions were perceived as significantly sweeter (P = 0.001, P = 0.02, respectively) 204 than the No flavour emulsions. 205
Mouthfeel and texture evaluations 206
Thickness perception intensity was dependent on droplet size (F (1, 6) = 2.6, P = 0.02), but not 207 flavour condition (F (1, 2) = 0.8, P >0.05), with no significant interaction (F (1, 12) = 0.71, P >0.05).
208
Thickness significantly decreased with increasing droplet size (r = -0.58, R 2 = 0.34), with a significant 209 difference between droplets of 50 µm and 40 µm (P = 0.049). 210
Creamy Mouthfeel intensity depended on droplet size (F (1, 6) = 9.69, P <0.000), but not flavour 211 condition (F (1, 2) = 0.84, P >0.05), with no significant interaction (F (1, 12) = 0.98, P >0.05). Creamy 212
Mouthfeel intensity significantly decreased with increasing droplet size (r = -0.92, R 2 = 0.85, with 213 emulsions with 50 µm droplets being rated as having a less creamy mouthfeel than those with 0.2, 2, 214 6 or 11 µm droplets (P <0.000, P = 0.004, P = 0.003, P = 0.001, respectively) and 0.2 µm having a 215 creamier mouthfeel than 20 µm droplets (P = 0.029). 216
Smoothness perception intensity was dependent on droplet size (F (1, 6) = 3.69, P = 0.002), but not 217 flavour condition (F (1, 2) = 1.4, P >0.05), with no significant interaction (F (1, 12) = 0.69, P >0.05).
218
The significant difference at a 94% confidence interval was between droplets of 2 µm and 20 µm 
Overall sensory evaluations 228
Creaminess perception intensity was dependent on droplet size (F (1, 6) = 10.47, P <0.001), but not 229 flavour condition (F (1, 2) = 0.37, P >0.05), with no significant interaction (F (1, 12) = 0.76, P >0.05).
230
Creaminess significantly decreased with increasing droplet size (r = -0.94, R 2 = 0.89), with emulsions 231 with droplets of 50 µm being rated as significantly less creamy than those with 0.2, 2, 6, 11 or 20 µm 232 droplets (P <0.000, P = 0.003, P = 0.008, P = 0.006, P = 0.037, respectively). Emulsions with 0.2 µm 233 droplets were also significantly creamier than those with 20 or 40 µm droplets (P = 0.019, P = 0.011, 234 respectively). 235
Oiliness perception intensity did not depend on oil droplet size (F (1, 6) = 0.07, P >0. than 20, 40 and 50 µm emulsions (P = 0.012, P = 0.011, P = 0.01, respectively) and 11 µm emulsions 250 being more liked than 20 and 50 µm emulsions (P = 0.006, P = 0.045, respectively). 251
Expected food intake evaluations 252
Expected Filling was dependent on droplet size (F (1, 6) = 3.08, P = 0.007), but not flavour condition 253 (F (1, 2) = 0.67, P >0.05), with no significant interaction (F (1, 12) = 0.8, P >0.05). Expected Filling 254 significantly decreased with increasing droplet size (r = -0.9, R 2 = 0.8), the significant difference 255 being between emulsions with droplets of 0.2 µm and 50 µm (P = 0.025). 256
Expected Hunger in 1 hour was dependent on droplet size (F (1, 6) = 5.8, P <0.000), but not flavour 257 condition (F (1, 2) = 2, P >0.05), with no significant interaction (F (1, 12) = 1.1, P >0.05). Expected 258
Hunger in 1 hour significantly increased with increasing droplet size (r = 0.76, R 2 = 0.57). The 259 significant difference being between emulsions with droplets of 50 µm and those with 2, 6 and 20 260 µm droplets (P = 0.017, P = 0.008, P = 0.008, respectively). 261
Expected Desire to Eat in 1 hour was unaffected by oil droplet size (F (1, 6) = 2.18, P >0.05) or flavour 262 condition (F (1, 2) = 0.1, P >0.05), but there was a significant flavour condition*droplet interaction (F 263 (1, 12) = 2.33, P = 0.007). Contrasts revealed significant differences in Expected Desire to Eat in 1 264 hour for 0. function of droplet size (F (1, 6) = 1.08, P >0.05; F (1, 6) = 1.94, P >0.05, respectively), flavour 274 condition (F (1, 2) = 2.26, P >0.05; F (1, 2) = 1.94, P >0.05, respectively), or an interaction (F (1, 12) = 275 1.08, P >0.05; F (1, 12) = 1.15, P >0.05, respectively). 276
Sensory attribute -expected food intake behaviour correlations 277
Attribute-Attribute correlations (see Table 3 ) highlight the relationship between sensory attributes 278 and prandial outcome expectations. 279
Mood ratings
Participants' mood rating scores were not significantly different pre-and post-test (P >0.05). 281 Therefore, differences in sensory ratings were as a result of sample differences and not participants' 282 mood. 283 284
Discussion 285
The results of this study indicate that participants, who were untrained, were able to perceive 286 significant differences in flavour, mouthfeel, texture, hedonics and expectations of food intake 287 behaviour as a result of differences in emulsion design: flavour type and oil droplet size. 288
The microstructural property that had the predominant effect on perceived sensory characteristics, 289
food intake expectations and sample hedonics was oil droplet size. observed relationship was mainly due to decreased perception of these properties with 50 µm 300 droplets, a finding which highlights a future opportunity to decrease flavour intensity. An interesting 301 observation is that a greater number of oil droplet sizes were significantly different to the sample 302 with 50 µm droplets in the Cream flavoured emulsions, which contained an oil-soluble flavour, than 303 the Vanilla flavoured emulsions that contained a water-soluble flavour. This highlights a potential 304 difference in flavour intensity dependent on the phase location of the flavour within an emulsion 305 system and a surface area effect of droplet size on oil-soluble flavour perception. This would be an 306 interesting area for further investigation. 307
The main sensory attribute types in which significant differences in perception were generated as a 308 function of oil droplet size were related to mouthfeel and textural sensations. This could be attributed to the synthetic manner in which ordinary consumers, as represented the 340 untrained participants, perceived food, assessing the totality of an attribute, instead of assessing 341 attributes analytically when requested (Frost and Janhoj, 2007) . Nevertheless, this observation 342 highlights that Creaminess was predominantly influenced by textural/mouthfeel attributes, a 343 conclusion also reached by Frost and Janhoj (2007) in liquid systems. This further suggests that the 344 mechanism through which oil droplet size modified Creaminess was through altered mouthfeel. 345
When hedonics and expected food intake behaviour is also considered, this observation provides an 346 extremely interesting finding which can be related to a modifiable emulsion design property (Table  347  2a Table 3 ), despite 358 potential erroneous data due to subtleties in viscosity. However, Thickness does not show the 359 strongest correlation (see Table 3 ). Additionally, Smoothness, Slipperiness and oiliness were not 360
shown to be directly involved in hedonics or any expected food intake behaviours (see Table 3 ). 361
Instead, the strongest significant correlation for both Expected Filling and hunger was with 362
Creaminess (see Table 3 ). This suggests with increasing Creaminess we see an increase in Expected 363
Filling and a decrease in Expected Hunger. Therefore, Creaminess, as well as being a predominant 364 influence in hedonics (see Table 3 ), can also generate greater expectations of filling and decreased 365 hunger. If this observation translated to actual eating behaviour, this would highlight Creaminess as 366 a key target attribute, which would allow foods to be engineered via droplet size manipulations to 367 modify eating behaviour, but also maintain hedonic properties (see Table 2a ). Clearly, future work 368 should determine if expected ratings translate to real behaviour. 369
Given our earlier discussion regarding participants considering Creaminess as a textural/mouthfeel 370 attribute, this difference in expected food intake behaviour mediated by Creaminess is suggested to 371 be related to textural/mouthfeel sensations. This could be because texture is one sensory 372 characteristic that reliably predicts nutrient content (Drewnowski, 1990) Vanilla Flavour 50.7 ± 3.8 48.1 ± 3.5 48.4 ± 3 50.8 ± 3.2 46.9 ± 3 46.3 ± 3.2 39.4 ± 3.7 Cream Flavour 62.3 ± 3 56.4 ± 3.1 57.6 ± 2.4 56.4 ± 2.7 50.8 ± 3.4 49.7 ± 3.9 45.9 ± 3.4 Sweetness 51.5 ± 3.6 48.9 ± 3.4 47.9 ± 3.3 52.2 ± 3.6 44.7 ± 3.6 47.3 ± 3.5 46.5 ± 3.8 Smoothness 61.8 ± 3 63.4 ± 2.9 62.3 ± 3 60.4 ± 3.2 53.3 ± 3.4 54.7 ± 3.7 60.1 ± 3.8 Thickness 43.3 ± 3.8 40.2 ± 3.4 41.5 ± 3 39.8 ± 3.1 38.5 ± 3 43.4 ± 3.3 32.8 ± 2.9 Slipperiness 59.3 ± 3.7 58 ± 3.7 56.7 ± 3.5 56 ± 3.2 54.1 ± 2.9 56.6 ± 3.2 58.1 ± 3 Creamy Mouthfeel 63.3 ± 3.4 58.7 ± 3.7 59.8 ± 3.3 58.7 ± 2.9 51.8 ± 3.4 53.3 ± 4 44.6 ± 3.6 Creaminess 65.5 ± 3.7 59.2 ± 4.1 61.7 ± 3.6 60.3 ± 4 51.1 ± 3.6 50.2 ± 4.1 43 ± 3.5 Oiliness 45.4 ± 3.9 43.6 ± 4.3 43.6 ± 3.4 40.6 ± 3.6 40.8 ± 3.8 44.7 ± 4.2 44.6 ± 3.7 Liking 53.8 ± 2.9 47.8 ± 3.4 48 ± 3 50.1 ± 2.6 43.7 ± 2.5 41.9 ± 3.8 40.4 ± 3.7 Filling 63.2 ± 3.2 61.1 ± 3.7 60 ± 3.7 58.1 ± 2.9 56.4 ± 3.3 57.7 ± 4. Vanilla Flavour 57.7 ± 2.7 46.9 ± 3.9 37 ± 3.3 Cream Flavour 56.3 ± 3.2 57 ± 2.9 49.2 ± 2.5 Sweetness 53 ± 3.2 50.8 ± 4.2 41.5 ± 3.2 Smoothness 61.1 ± 3 58.3 ± 2.9 58.8 ± 2.7 Thickness 41.1 ± 2.6 40 ± 3 38.7 ± 2.4 Slipperiness 57.9 ± 2.6 56.8 ± 3.1 56.3 ± 3.5 Creamy Mouthfeel 54.6 ± 3.4 57.5 ± 3.1 55.1 ± 3.3 Creaminess 56.2 ± 3.4 56.7 ± 3.4 54.6 ± 3.4 Oiliness 43.4 ± 3.6 43.5 ± 3.7 43 ± 3 Liking 52.3 ± 3 46 ± 3.3 41.2 ± 2.7 Filling 57.7 ± 3.1 59.8 ± 3.5 57.1 ± 3.2 Hunger in 1 hours time 49.2 ± 4.5 46.3 ± 4.7 46.7 ± 4.1 Prospective Consumption in 1 hours time 61.1 ± 4.6 58.1 ± 5.2 55.6 ± 4.6
Desire to Eat immediately 42.6 ± 4.6 43.4 ± 4.5 43.6 ± 4 Desire to Eat in 1 hours time 50.5 ± 4.5 49.8 ± 4.5 50.7 ± 3.7
(b) 553 554 
